mesothelioma and asbestosis but not lung cancer. The effect of pleural thickening was greatest on mortality from other causes, mainly ischaemic heart disease. This study has shown that degree of radiographic abnormality has an independent effect on mortality from malignant mesothelioma, asbestosis, and all causes even after allowing for the effects of age, degree of exposure, and time since first exposure.
(British J3ournal ofIndustrial Medicine 1993;50:902-906) Subjects with exposure to asbestos with or without pneumoconiosis have been shown to be subject to excessive mortality from malignant and non-malignant diseases of the respiratory and gastrointestinal tracts.'-3 Incidence and mortality for some of these diseases have been related to the degree of exposure and the time since exposure to asbestos."
A previous study of crocidolite workers from Wittenoom Gorge in Western Australia who had applied for compensation for asbestosis showed that mortality was also related to the profusion of radiographic abnormalities on the plain chest radiograph7 and there have been similar findings elsewhere in workers exposed to chrysotile.' More recently some studies have suggested that asbestosis is responsible for the excess of cases of lung cancer in asbestos workers and have shown significant effects of exposure to asbestos on lung cancer only in those with asbestosis diagnosed either radiographically9 or histopathologically.'0
The study among Wittenoom workers applying for compensation7 also showed an effect of amount of exposure on severity of radiographic profusion but survival in this group of workers was not significantly related to cumulative exposure to asbestos. This raised the possibility of bias introduced into the study by the subjects' selection on the basis of a claim for compensation. To Conditional logistic regression analyses'5 were used to model the relative risk of death from each of the above causes with the computer program Egret.'6 The covariates considered were (1) log (cumulative exposure + 1), (2) years since first employed, and (3) level of radiographic abnormality, either in minor ILO categories for profusion of small opacities or in categories of thickness and extent for pleural thickening.
Scores on x ray films were grouped according to time before the death of the case. Thus each person's x ray film history was coded as: presence or absence of an x ray film and their latest level of profusion and thickening in the periods before the death of the case of (1) less than or equal to one year (any signs in this period were considered to be early presence of disease rather than true precursors of disease and were ignored), (2) two to five years ago, (3) six to 10 years ago, (4) 11 to 20 years ago, (5) 21 to 30 years ago, and (6) 31 or more years ago. Analyses were done separately for each period and were restricted to those subjects who had had an x ray film during that period. The effects of the radiographic scores were examined alone, and then after adjustment for exposure.
As an added comparison with the previous study on compensated subjects alone,7 the effect of exposure on the level of radiographic abnormality on the final film for each person was examined with multiple regression. This analysis was restricted to the 467 men with x ray films taken more than six months after commencing employment at Wittenoom.
Results
Out of a total of 193 deaths among the 1106 selected subjects there were 12 from mesothelioma, 19 from lung cancer, 24 from other cancers, and nine (table 3) . The further back in time the x ray films were taken, the lesser the effect, which was not statistically significant more than 20 years previously. A similar effect was found for pleural thickening but this only became non-significant more than 30 years previously.
On examination of the effects of the radiographic variables on death from separate causes it was clear that the effect of profusion was largely on mortality from mesothelioma and asbestosis whereas pleural thickening seemed to be a risk factor for death from ischaemic heart disease, which formed the largest proportion of deaths from other causes (table 3) . There was no significant effect of either exposure to asbestos or radiographic abnormality on mortality from lung cancer. There was an additional logarithmic decrease in the mortality from other causes with time from first exposure.
Figures 1-3 show comparative sizes of the different estimated effects of both radiographic signs and exposure to asbestos on the different causes of death. The strongest effects of both factors were on deaths from asbestosis and mesothelioma.
Age at first exposure, time since first exposure, and the log of cumulative exposure were all significant predictors of both radiographic profusion of small opacities and diffuse pleural thickening on the subjects' final x ray films (table 4). The coefficients for time from first exposure for both types of abnormality were more than double the respective age at 
Discussion
This study has shown that in a sample of randomly selected subjects with exposure to crocidolite at Wittenoom, after adjusting for the effects of age, mortality from all causes was determined by the level of both pleural and parenchymal radiographic abnormality, the cumulative exposure to asbestos, and the time from first starting work. Both types of radiographic abnormality had their maximum effect on mortality between two and five years after the x ray film. Also, the degree of both types of abnormality was also dependent on the cumulative exposure to asbestos, age at first exposure, and time Pleural thickening score Figure 2 Estimated change in relative risk of death from asbestosis, mesothelioma, lung cancer, and all causes for levels ofILO profusion of small opacities.
from first exposure. The difference in the regression coefficients of age at first exposure and time from first exposure associated with both abnormalities showed that the effect of time from first exposure was unlikely to be just an effect of age.
Exposure to asbestos had a strong effect on mortality from mesothelioma and asbestosis even after adjustment for degree of radiographic profusion and in turn, mortality from malignant mesothelioma and asbestosis were related to profusion of small opacities in the two to five years before death.
There was no significant effect of any measure of exposure to asbestos on mortality from lung cancer; neither was there a significant effect of any radiographic measure of pleural or parenchymal fibrosis. The relative risk of mortality from lung cancer for log (cumulative exposure) of 1 2 was not, however, greatly different from the 1-4 found Pleural thickening score Figure 3 Estimated change in relative risk of death from all causes, asbestos related diseases (mesothelioma, asbestosis, and lung cancer), and other causes for levels of categories of thickness and extent of diffuse pleural thickening. in a more powerful study among Wittenoom workers with known smoking habits.'7 It has been estimated that smoking caused 71% of the 132 deaths from lung cancer among men in the whole Wittenoom cohort.'8 Given the small numbers of lung cancers in this random sample, this study had little power to detect an effect of either exposure or radiographic abnormality and does not therefore contribute to understanding the relations between exposure to asbestos, asbestosis, and lung cancer. Pleural thickening had no effect on mortality from diseases related to asbestos but seemed to influence deaths from other causes (particularly ischaemic heart disease). This finding suggests a chance association although it is now accepted that pleural thickening is not totally benign'9 and poor lung function has often been associated with mortality from cardiovascular disease.20 The significant reduction in mortality from causes other than those related to asbestos with time from first exposure was probably due to the occurrence of undetected deaths, which has been shown to be related to age in other analyses. 2' The results of this study differ from those found in a previous study in subjects from Wittenoom who were selected because they had applied for pneumoconiosis compensation.7 In compensated men whose exposures were all relatively high, the degree of exposure had no independent effect on survival whereas the effect of exposure on profusion level was more than twice that found in this random sample. Since the first study was completed all subjects have had their estimated airborne exposures re-evaluated3 and this could contribute to these differences especially as in the previous study there was also a large and significant effect of working in the mill on mortality from asbestosis and all causes that was not present in this study.
The significant effect of exposure to asbestos on pleural thickening also contrasts with that found previously in a study of heavily exposed men applying for compensation.22 In that study no exposure related variable had any effect on incidence or progression of pleural thickening except in the period This study shows that the degree of profusion of small irregular opacities on plain chest x ray film has an independent effect on mortality from malignant mesothelioma and asbestosis even after allowing for the effects of age, degree of exposure, and time since exposure.
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